



BITUMEN MODIFICATION USING OIL PALM FRUIT ASH  



































BITUMEN MODIFICATION USING OIL PALM FRUIT ASH   












A thesis submitted in fulfillment of the  
requirements for the award of the degree of 





Faculty of Civil Engineering 



























“I dedicated this thesis to the knowledge of highway engineering as my worship to 



























 Alhamdulillahirabbil’alamiin, Innalhamdalillah nahmaduhu wa nasta-
’iynuhu. Upon Ridho and Rahmat Allah Subhana wa Ta’ala this research and thesis 
can be completed. 
 
 In preparing this thesis, I was in contact with many people, researchers, 
academicians, and practitioners. They have contributed towards my understanding 
and thoughts. In particular, I wish to express my sincere appreciation to my main 
research and thesis supervisor, Associate Professor Dr. Mohd. Rosli Hainin, for his 
encouragement, guidance, criticism, and friendship. I am also very thankful to my 
co-supervisor the late Associate Professor Dr. Abdul Aziz Chik for his guidance, 
advice and motivation which he gave even in sickness.. Without their continued 
support and interest, this thesis would not have been the same as presented here. 
 
 My special thanks are addressed to Professor Dr. Ir. A.A.A. Molenaar and 
Professor Ir. Martin F.C. van de Ven for permission, their guidance and supervision 
during my stay at the Road and Railway Section Faculty of Civil Engineering and 
GeoScience the Delft University of Technology the Netherlands. 
 
 I would also like to thank to all technicians in Transportation Laboratory of 
Civil Engineering of Universiti Teknologi Malaysia for their help and cooperation. 
 
 Very special thanks are given to my beloved wife Sri Redjeki and to all of my 
dearly children, Nana, Rudy, Ari, Budi, Ulfah. Their patience, prayers and 













The objective of this study was to investigate the feasibility of using oil palm fruit 
ash (OPFA) as a bitumen modifier, to formulate the mix between OPFA and bitumen 
as a new binder with better physical and mechanical properties, and to evaluate the 
use of OPFA-modified bitumen (OPFA-MB) as a binder of stone mastic asphalt 
(SMA). In this study two sources of bitumen, bitumen B-1 and bitumen B-2 each had 
penetration grade 80/100 were modified by using OPFA. The bitumen was mixed 
with  2.5%, 5%, 7.5%, 10%, 12.5%, and 15% OPFA by weight of the bitumen at 
mixing temperature 160°C, mixing time 60 minutes, and mixing stirring speed 800 
revolution per minute. There were two types of OPFA, Fine and Coarse-OPFA. Fine-
OPFA was OPFA which had uniform particle size 75µm, and Coarse-OPFA was 
OPFA which had graded particle with maximum grains size 600µm. The bitumen 
mixed with OPFA was called OPFA-modified bitumen (OPFA-MB). There were 
four types of OPFA-MB namely Fine-OPFA-MB1, Coarse-OPFA-MB1, Fine-
OPFA-MB2, and Coarse-OPFA-MB2. Each type of OPFA-MB had six OPFA 
content. For all of OPFA-MB penetration test at 25°C, softening point test, and 
viscosity test at 60°C and 135°C were conducted to determine penetration index (PI) 
and penetration-viscosity number (PVN). The results show that all OPFA-MB were 
not susceptible to the changes of temperature. Rheology test using dynamic shear 
rheometer (DSR), bending beam rheometer (BBR), and direct tension tester (DTT) 
show that OPFA-MB with the content of fine-OPFA 5%, 2, 5%, and 10% can 
withstand rutting at a temperature of 70°C, withstand fatigue cracking at a 
temperature of 20°C, and resist to thermal cracking at a temperature of -15°C. Using 
in stone mastic asphalt (SMA-14) mixtures resulted in higher Marshall stability than 
the minimum specification requirements. Resilient modulus, creep, and wheel 
tracking rutting tests show that OPFA-MB can strengthen SMA-14 mixtures. Static 
immersion test, boiling water and drain-down test show that OPFA-MB has good 
adhesion to bind aggregate. Based on penetration value and the results of rheology 
testing, OPFA-MB can be categorized as binder penetration grade 60/700 and 
Superpave bitumen grade PG 70 – 16. Overall test results suggest that OPFA is 


















Tujuan kajian ini adalah untuk mengetahui kesesuaian penggunaan abu buah 
kelapa sawit (OPFA) sebagai pengubah asfalt, untuk menentukan campuran antara 
OPFA dan asfalt sebagai bahan pengikat baru dengan sifat fizikal dan mekanik yang 
lebih baik, dan untuk menilai penggunaan OPFA-diubah bitumen (OPFA-MB) 
sebagai bahan pengikat stone mastic asphalt’ (SMA). Dalam kajian dua sumber 
asfalt, asfalt B-1 dan asfalt B-2 masing-masing mempunyai tahap penusukan 80/100 
yang diubahsuai dengan menggunakan OPFA. Asfalt dicampur dengan OPFA 
sebanyak 2.5%, 5%, 7,5%, 10%, 12.5%, dan 15% dari berat asfalt pada suhu 
pencampuran 160°C, selama 60 minit dengan kelajuan 800 revolusi per minit. Dua 
jenis OPFA, iaitu OPFA halus dan OPFA kasar digunakan. OPFA halus adalah 
OPFA yang mempunyai saiz 75μm, dan OPFA kasar adalah OPFA yang mempunyai 
dengan saiz maksimum 600μm. Campuran antara asfalt dan OPFA disebut OPFA-
diubah bitumen (OPFA-MB). Ada empat jenis OPFA-MB iaitu OPFA-MB1 halus, 
OPFA-MB1 kasar, OPFA-MB2 halus, dan OPFA-MB2 kasar. Untuk semua uji 
penusukan OPFA-MB pada 25°C titik uji, dan uji kelikatan pada 60°C dan 135°C 
dilakukan untuk menentukan indeks penusukan (PI) dan nombor penusukan-
kelikatan (PVN). Keputusan kajian menunjukkan bahawa semua OPFA-MB tidak 
sensitif kepada perubahan suhu. Ujian reologi menggunakan alat Dynamic Shear 
Rheometer (DSR), Bending Beam Rheometer (BBR), dan Direct Tension Tester 
(DTT) menunjukkan bahawa OPFA-MB dapat menahan alur yang didapati pada 
suhu 70°C, menahan keretakan lesu pada suhu 20°C , dan tahan terhadap thermal 
cracking pada suhu -15°C, untuk OPFA-MB dengan OPFA 5%, 2,5%, dan 10%. 
Digunakan sebagai bahan pengikat dalam campuran stone mastic asphalt (SMA)-14, 
semua campuran memiliki kestabilan Marshall melebihi spesifikasi. Keputusan dari 
uji kaji Resilient modulus, creep, dan wheel tracking rutting,  menunjukkan bahawa 
OPFA-MB dapat memperkuat campuran SMA-14. Uji perendaman statik, uji air 
mendidih dan uji downdrain menunjukan bahawa OPFA-MB mempunyai pelekatan 
yang baik untuk mengikat agregat. Berdasarkan kepada nilai ujian penusukan dan 
ujian reologi, OPFA-MB boleh dikategorikan sebagai bitumen gred 60/70 dan  
bitumen gred PG 70 – 16. Secara keseluruhan hasil ujian menunjukkan bahawa 
OPFA sesuai untuk digunakan sebagai pengubah asfalt, dan sebagai bahan pengikat 
SMA. 
 
